ABSTRACT. Heart of palm harvesting and exploitation has reduced the natural reserves of açaí and juçara; hence, the peach palm is an excellent option as source of heart of palm that can reduce the pressure on these two species. The peach palm has high tillering and no post-harvest oxidation. An experiment in a randomized block design with 72 progenies of peach palm, 36 replications and a single tree plot was performed for five years at the experimental field of Embrapa in the Western Amazon. Genetic parameters were estimated using two mixed models, one based on progeny means and the second on joint information from crops. A repeatability analysis, genotype selection, and progeny selection were performed; the Mulamba and Mock selection index was determined; and Tocher's clustering method was applied. The repeatability analysis revealed the existence of genetic variability, low repeatability, which ranged from 0.3307 to 0.6698 for five years. The analysis performed through the progeny means showed a heritability that varied from 51% to 23% for in all variables; the clustering revealed two groups. The progeny selection should be the main selection strategy, and crosses of superior progenies of different groups should be emphasized.
Introduction
Brazil is the world's largest producer and consumer of heart of palm, the main way to obtain such good is through exploitation of juçara (Euterpe edulis Mart.) and açaí (Euterpe oleracea Mart.) (Sousa, Soares, Cordeiro, & Silva, 2011) . Because the natural reserves of these two species in southern Brazil are running out, the exploitation of Amazonian acai and juçara has increased; these plants may also be depleted by predatory exploitation without good management practices.
The peach palm (Bactris gasipaes Kunth.) is proving to be a promising species and an alternative for heart of palm production. It shows desirable features for this sector. It is a native species, has high rusticity, is heat resistant, and has high tillering capacity, which reduces the need for land mechanization and replanting after several harvests. The heart of palm extracted from peach palm has a sweetish taste, is slightly yellowish in color, has good palatability, a doughy texture, low fibrousness, and does not show post cut darkening by oxidative enzymes, as noted in heart of palm extracted from juçara and açaí, which contributes to its commercialization as a minimally processed product (Kapp, Pinheiro, Silva Raupp, & Chaimsohn, 2003) .
Breeding programs to increase heart of palm productivity are conducted through successive cycles of selection and require evaluations over several years in field conditions, and a precise estimation of the variance components is imperative to maximize the accuracy of progeny selection. Then, it becomes necessary to use estimation methods that may fit certain experimental conditions and unbalanced data (Farias Neto & Resende, 2001; Farias Neto et al., 2007; Farias Neto, Clement, & Resende, 2013) .
The restricted maximum likelihood/best linear unbiased prediction procedure (REML / BLUP) has been successfully used in peach palm breeding (Farias Neto & Resende, 2001 ). According to Resende (2000) , the prediction of additive genetic values and genotypic values through mixed model values is essential. Comparing this method with the least squares estimation method for variance components and the multi-effects indexes method for genotypes genetic values estimation, this method leads to similar results in cases of small imbalances. However, in conditions of highly unbalanced data, it provides more accurate results.
This study aimed to estimate genetic parameters in individual and joint analysis, conduct heritability and repeatability studies to guide the progeny selection, and estimate genotype genetic values of half-sibs of peach palm through BLUP and the application of Mulamba and Mock selection index, as well as study the genetic diversity by grouping progenies through Tocher's clustering method Barbosa et al., 2014) .
Material and methods

Experiment location
The experiment was conducted at the experimental station of the Agroforestry Research Center of the Western Amazon -Embrapa/CPAA, located at the AM-010 highway, km 29, in the coordinates of 2° 51 'S latitude and 59° 52' W longitude. The data were collected in 2009, 2010, 2011, 2012, and 2013 . The area's soil is classified as clayey alic yellow latosol; it has a clay content of approximately 80% on the surface horizon, is acidic and shows low cation exchange capacity, high aluminum saturation and low phosphorus content. To characterize the area, two soil compound samples (20 single samples in each half of the area) were collected for physical (particle size) and chemical analysis (fertility; Table 1 ).
In October 2006, the area was tilled to incorporate plant residues and limed (1.5 tons of dolomitic limestone ha -1 ). In January 2007, the seedlings were transplanted in situ; fertilization at planting and five topdressing fertilizations at 2, 6, 12, 24, and 36 months were performed according to Embrapa's technical recommendations.
Genetic resource
The progenies used in the study originated from the city of Benjamin Constant, Amazonas, Brazil, selected for two generations, and from Yurimaguas, a city in the Peruvian Amazon; all came from the RECA Project (Economical Condensed Intercropped Reforestation) in the municipality of Extrema, RO -Brazil.
Number of progenies
The number of progenies was selected by number of seedlings acquired at the end of the production period, considering vigor, nutritional aspects, the absence of pests and diseases and especially the total absence of thorns on the stipe. Thus, from 100 progenies, 72 progenies were selected and transplanted in situ. Number of replications, experimental sketch and analyzed traits
The peach palms plants were arranged in a 2.0 m x 1.0 m space (density of 5,000 plants ha -1 ). The experiment was conducted in a randomized block design with single tree plots. The treatments consisted of 72 progenies of peach palms in 36 replications (a total of 2,592 plants), which occupied an area of 0.8 hectares. Six traits directly related to the productivity and yield of heart of palm were measured: heart of palm basal weight (HPBW), heart of palm apical weight (HPAW), and heart of palm weight (HPW), which were measured in grams (g) using a high precision scale; billets number (BN), which is the number of billets produced in the tussock with a standard size of 9 cm; heart of palm diameter (HPD), measured in millimeters (mm); and heart of palm length (HPL), expressed in centimeters (cm) and measured with an electronic paquimeter. The measurements were taken after harvest and cleaning of the product in the field y, f, a, c, e are the data vectors, fixed effects (general average), additive effects (random), block effects (random events) and random errors, respectively, and X, Z and W are the incidence matrices associating f, a and c to the data vector y, respectively.
The f value was estimated through generalized least squares prediction and a and c through BLUP, the values were obtained by solving the linear equations system, which is called mixed model equation (MME):
where,
A and I = additive kinship and identity matrix, respectively.
To obtaining the random effects variance, REML estimators applying the EM algorithm (ExpectationMaximization) are:
where: tr = matrix trace; r(x) = X matrix's rank; N-r(x)= Error degrees of freedom; q = individuals number; s = block number; N = total data number. , which is the coefficient matrix's generalized inverse of the MME. The joint analysis, along with the repeatability analysis and progeny BLUP, were obtained through model 8 (Resende, 2007) . y = Xm + Za + Wp + Qi + Ts + e, where: y, m, a, p, i, s, e are the data vectors, vector of the effects of the measuring-repetition combinations (fix) added to the general mean, vector of the individual additive genetic effects (random), plot effects vector (random), effects of the genotype measuring interaction vector (random), vector of the permanent effects (random), vector of residues (random), respectively, and X, Z, W, Q, and T are the incidence matrices associating m, a, p, i and s to the data vector y, respectively.
Simultaneous trait selection
The Mulamba and Mock selection index was used (Resende, Silva, & Azevedo, 2014) .
Genetic diversity study
To study the genetic diversity among genotypes, we adopted a multivariate methodology. Through this methodology, a dissimilarity matrix was generated by a modified Mahalanobis generalized distance applied to the genotypic values estimated by:
ii' = δ'Rδ where:
ii' = Mahalanobis distance between i and i' genotypes; R = genotypic variance and covariance matrix;
Y ij = genotypic mean of the i th progeny in the j th trait. The cluster of progeny was performed using Tocher's method, as described by Cruz, Ferreira, and Pessoni (2011) , where the estimated intragroup distance must be smaller than the intergroup distance. Because a large group was established, the same method was applied to split it into subgroups. All analysis were performed in SELEGEN-REML / BLUP (Resende, 2007) .
Results and discussion
The genetic parameters estimation for individual analysis are shown in Table 2 ; low values for additive genetic variance (σ 2 a) can be observed. The residual variance (σ 2 ) was greater than σ 2 a for all traits, which may mask the phenotypic selection. This fact is reflected in the narrow sense heritability based on genotype selection (h 2 a); it is observed that the highest heritability was estimated in the years 2010 and 2013, in which we also observed the highest concentration of significant additive genetic variance. The heritability based in progeny selection (h 2 pa) seems more suitable to selection; this heritability ranged from 51 to 23% for the traits with statistically significant additive genetic variance. Padilha, Oliveira, and Mota (2003) found CV% values of 49.25, 46.20, 56.45 8.15, 22 .50 and 18.14 for HPBW, HPAW, HPW, BN, HPD, and HPL, respectively. These authors analyzed 14-year-old plants; the high coefficients of variation found in this study may be due to the use of young plants that have not reached production stability yet.
A joint analysis showed low h 2 a for all studied traits, which ranged from 1% to 3% for HPBW, HPAW, BN, HPD, and HPL (Table 2) . The low heritability values found can be attributed to the fact that the tested progeny were at the third selection cycle. The heritability for progeny selection is much higher than the heritability based on the genotypes either in the individual or joint analysis; thus, progeny selection is the best way to obtain meaningful gains. Aiming at the rapid availability of superior genetic materials for farmers, genotypes from the best progenies can be selected and cloned. The difference observed between means was due to the destruction required for the data collection: the trees were cut to gain accesses to the heart of palm.
The analyzed correlations between years (r) showed a low magnitude (Table 2) , which indicates a complex genotype-environment interaction (Vencovsky & Barriga, 1992) and means that the genotype ranking changes over time, which is not a positive situation if the genotypes show unstable behavior over time. Table 2 . Individual analysis, joint analysis and genetic parameters estimative for the traits heart of palm basal weight (HPBW), heart of palm apical weight (HPAW), heart of palm weight (HPW), billets number (BN), heart of palm diameter (HPD) and heart of palm length (HPL) of half-sibs of peach palm (Bactris gasipaes Kunth.) progenies grown in EMBRAPA Western Amazon in Manaus, Amazonas. Repeatability for five measurements (five years) presented determination coefficients that ranged from 0.3307 to 0.6698, which are associated with accuracies that ranged from 0.2416 to 0.3182 (Table 3) . Using five measures, the h 2 a based on the yearly averages were relatively low for all the analyzed traits. Padilha et al. (2003) concluded that repeatability coefficients for all heart of palm production traits are negligible and that several measurements are needed to express a reliable progeny value. Moreover, Bergo, Negreiros, Miqueloni, and Lunz (2013) indicated that seven measurement cycles was sufficient to predict the real value of the progenies and reach an accuracy of 85% by the principal components method. The use of seven measures for all the analyzed traits showed determination coefficient values that ranged from 0.4086 to 0.7396 and accuracies from 0.2616 to 0.3426, while the use of 10 measures showed values that ranged from 0,4987 to 0.8023 for the coefficient of determination and 0.2814 to 0.3802 for accuracy.
The ranking of the best selected progenies (20%) is shown in Table 4 . These progenies can compose a seed production orchard and meet the market demand for improved seeds.
The selection based on joint analysis (Table 4) shows that the three best progenies for HPBW, BN and HPL did not change: progenies 157, 158 and 49. These progenies also ranked well in HPAW an HPW. The traits HPBW, BN, and HPL showed constant statistically significant σ 2 a over the years. Progeny 157 has high additive genetic value (a) and is well ranked in most of the studied traits; it is expected that its offspring inherit half of the a. Selecting 20% of the analyzed progenies (15 progenies) to assemble a seed production orchard is expected to achieve a gain of 18.43 grams for HPBW, 5.55 grams HPAW, HPW to 25.99 grams, 0.712 billets for BN, and 0.09 cm to 6.38 cm for HPD and HPL. The use of a high number of traits makes selection difficult to perform; using selection indexes that maximize the predicted gain may be a good option in many cases.
The adoption of a selection strategy without overlapping generations in seed production can be positive due to the heterosis, possibly obtained through hybridization. Urpí and Solis (1980) described peach palm as an allogamous species and proposed the existence of a genetic selfincompatibility system. Mossanek, Wendling, Koehler, and Zuffellato-Ribas (2014) mentioned that peach palm pollination happens through crosses, which also suggests allogamy. Table 3 . Repeatability study for the traits heart of palm basal weight (HPBW), heart of palm apical weight (HPAW), heart of palm weight (HPW), billets number (BN), heart of palm diameter (HPD) and heart of palm length (HPL) of half-sibs of peach palm (Bactris gasipaes Kunth.) progenies grown in EMBRAPA Western Amazon in Manaus, Amaazonas, analyzed during 5 years. Farias Neto and Resende (2001) selected 31 and 53 genotypes for a short and a long peach palm breeding program, respectively. This type of selection is reflected in the effective population size (Ne). Table 5 shows the selection of genotypes based on different Ne values. To achieve a selective ceiling where Ne varies between 19 (Farias Neto & Rezende, 2001) , 30 and 60 (Pires, Resende, Silva, & Resende Jr., 2011) , a number of genotypes and progenies can be selected. It appears that the genotype of progeny 157 located in block 10 showed phenotypic values much higher than other genotypes for at least half of the studied traits.
HC
As cited above, Farias Neto and Resende (2001) presented a selection of 31 genotypes from 9 progenies that resulted in an Ne of 19 for a short-term breeding program; in this study, the selection that results in an Ne of 19 is the use of 48 to 170 genotypes from 11 to 19 progenies. Table 5 shows that the selection of 226 to 303 genotypes leads to 22 to 32 progenies, maintaining the Ne near 30; in the work of Farias Neto and Resende (2001) , 53 genotypes were selected and, consequently, 15 progenies reached the same Ne in all traits. Focusing on a selective ceiling to reach an Ne of 60, 552 to 600 genotypes should be selected, thus selecting 35 to 49 progenies. The use of a large number of progenies retains the genetic diversity within the breeding population for a longer amount of time; otherwise, results will be obtained in the long term.
To select superior genotypes that simultaneously possess high performance in the desirable traits is usually a difficult task for a breeder. Thus, using selection index theory can be a good effective alternative (Cruz Regazzi, & Carneiro, 2014) . The analysis performed on the Mulamba and Mock selection index classified the 72 analyzed progenies (Table 6 ). The best rated progeny was progeny 157, with a gain of 563.6% in relation to all other studied progenies; the last in the rank was progeny 151. Using a selection rate of 20%, it resulted in selecting 15 progenies, which led to an expected gain of 166%. Table 7 shows the result of Tocher's clustering based on Mahalanobis distance, where the formation of two distinct groups can be observed. Group one is the largest, containing 71 progenies; it was divided into 32 subgroups, also using Tocher's method. The formed group can point to future crosses in breeding programs; an intra-population recurrent selection program could also be started, evaluating general and specific combining ability.
Overall, based on the analyses performed in this study, it is easy to conclude that progeny 157 had a superior performance; it is the best ranked in progeny selection (Table 4) , individual BLUP (Table 5) , and the selection index (Table 6 ) and is isolated in a group on the cluster analysis (group 2). Negreiros, Bergo, Miqueloni, and Lunz (2013) found 26 groups when they analyzed 100 progenies of peach palm; they also reported that they found a strong genetic divergence using Tocher's method. Table 5 . Peach palm (Bactris gasipaes Kunth.) genotype selections grown in EMBRAPA Western Amazon in Manaus, Amazonas for the traits heart of palm basal weight (HPBW), heart of palm apical weight (HPAW), heart of palm weight (HPW), billets number (BN), heart of palm diameter (HPD) and heart of palm length (HPL) based on the effective population size. Table 7 . Clustering of 72 half-sib progenies of peach palm (Bactris gasipaes Kunth.) through Tocher's method based on the Mahalanobis distance for the traits heart of palm basal weight (HPBW), heart of palm apical weight (HPAW), heart of palm weight (HPW), billets number (BN), heart of palm diameter (HPD) and heart of palm length (HPL).
